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(67)  The present invention provides a method for lu-
bricating a gearbox of a wind turbine. The gearbox com-
prises a plurality of gears and shafts supported by bear-
ings of which at least one is a plain bearing. The gearbox
furthermore comprises a lubrication system with a me-
chanical pump and an electrical pump for feeding the
gears and bearings with lubricant, wherein a difference
between volume capacity of the mechanical and electri-

Method for lubricating a gearbox for a wind turbine

cal pump is maximum 40%. The method comprises con-
trolling at least one valve for during start-up of the gear-
box feeding lubricant to the bearings by means of the
electrical pump, during normal operation of the gearbox
feeding lubricant to the bearings and the gears by means
of the electrical pump and the mechanical pump, and
during absence of electrical power supply feeding lubri-
cantonly the bearings by means of the mechanical pump.
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Description

Technical field of the invention

[0001] The present invention relates to a method for
lubricating a gearbox for a wind turbine. More particular,
the present invention relates to a method for lubricating
agearbox forawind turbine in emergency situations such
as for example grid loss or failure of the electrical pump.

Background of the invention

[0002] Lubrication of rotating parts such as gears and
bearings in gearboxes for wind turbines during operation
of the wind turbine is very important. No or not sufficient
provision of lubricant to these parts can lead to damages
and to failure of such parts. Especially bearings support-
ing gears and shafts in the gearbox, and more particularly
plain bearings, are very sensitive to good lubrication and
need at all times sufficiently be provided with lubricant in
order not to fail.

[0003] During normal operation, in known wind turbine
and gearbox designs, lubricant is continuously fed to the
rotating parts by means of an electrical pump and usually
this is sufficient for feeding the right amount of lubricant
to the rotating parts. However, in case of emergency sit-
uations like, for example, grid loss or failure of the elec-
trical pump, the lubricant feeding may not be sufficient
anymore for the rotating parts in the gearbox, and espe-
cially the bearings, to continue working properly.

Summary of the invention

[0004] The presentinvention provides a method for lu-
bricating a gearbox of a wind turbine. The gearbox com-
prises a plurality of gears and shafts supported by bear-
ings of which at least one is a plain bearing. The gearbox
furthermore comprises a lubrication system with a me-
chanical pump and an electrical pump for feeding the
gears and bearings with lubricant. A difference between
volume capacity of the mechanical and electrical pump
is maximum 40%. The method comprises controlling at
least one valve for:

- during start-up of the gearbox feeding lubricant to
the bearings by means of the electrical pump,

- during normal operation of the gearbox feeding lu-
bricant to the bearings and the gears by means of
the electrical pump and the mechanical pump, and

- during absence of electrical power supply feeding
lubricant only to the bearings by means of the me-
chanical pump.

[0005] Anadvantage of a method according to embod-
iments of the invention is that whenever the electrical
pump fails to work properly, e.g. by loss grid or simply
by a failure of the electrical pump, sufficient lubricant is
provided to the bearings, and more particularly to the at
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least one plain bearing, for preventing them from being
damaged because of a too low amount of lubricant.
[0006] According to embodiments of the invention, the
method may furthermore comprise, during start-up of the
gearbox, feeding lubricant to the gears by means of the
mechanical pump.

[0007] According to embodiments of the invention, the
lubrication system may comprise a plurality of valves and
the method may comprise controlling a plurality of valves.
According to embodiments of the invention, controlling
the at least one valve may be electrically driven.

[0008] According to other embodiments of the inven-
tion, controlling the at least one valve may be pressure-
driven.

[0009] According to further embodiments of the inven-
tion, controlling the at least one valve may be electrical
fail safe driven.

[0010] According to still further embodiments of the in-
vention and in case the lubrication system comprises a
plurality of valves, controlling the valves may partly be
pressure-driven and partly be electrically driven.

Brief description of the drawings

[0011] It has to be noted that same reference signs in
the different figures refer to same, similar or analogous
elements.

Fig. 1 and Fig. 2 schematically illustrate examples
of a lubrication system according to embodiments of
the invention.

Fig. 3 to Fig. 5 schematically illustrates steps of a
method for lubricating a gearbox for a wind turbine
according to embodiments of the invention.

Fig. 6 and Fig. 7 schematically illustrate examples
of a lubrication system according to further embod-
iments of the invention.

Fig. 8 to Fig. 11 schematically illustrates steps of a
method for lubricating a gearbox for a wind turbine
according to further embodiments of the invention.

Description of illustrative embodiments

[0012] In the description different embodiments will be
used to describe the invention. Therefore reference will
be made to different drawings. It has to be understood
that these drawings are intended to be non-limiting, the
invention is only limited by the claims. The drawings are
thus for illustrative purposes, the size of some of the el-
ements in the drawings may be exaggerated for clarity
purposes.

[0013] The term "comprising" is not to be interpreted
as limiting the invention in any way. The term "compris-
ing", used in the claims, is not intended to be restricted
to what means is described thereafter; it does not exclude
other elements, parts or steps. The term "connected" as
used in the claims and in the description has not to be
interpreted as being restricted to direct connections, un-
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less otherwise specified. Thus, part A being connected
to part B is not limited to part A being in direct contact to
part B, but also includes indirect contact between part A
and part B, in other words also includes the case where
intermediate parts are presentin between part A and part
B.

[0014] Not all embodiments of the invention comprise
all features of the invention. In the following description
and claims, any of the claimed embodiments can be used
in any combination.

[0015] The presentinvention provides a method for lu-
bricating a gearbox of a wind turbine. The gearbox com-
prises a plurality of gears and shafts supported by bear-
ings of which at least one is a plain bearing, and a lubri-
cation system with a mechanical pump and an electrical
pump for feeding the gears and bearings with lubricant
wherein a difference between volume capacity of the me-
chanical pump and the electrical pump is maximum 40%.
The method comprises controlling at least one valves for:

- during start-up of the wind turbine gearbox feeding
lubricant to the bearings by means of the electrical
pump,

- during normal operation of the wind turbine gearbox
feeding lubricant to the bearings and the gears by
means of the electrical pump and the mechanical
pump, and

- during absence of electrical power supply feeding
lubricant only the bearings by means of the mechan-
ical pump.

[0016] Anadvantage of a method according to embod-
iments of the invention is that whenever there is a prob-
lem with the electrical pump, e.g. when there is a grid
loss or when the electrical pump fails, the bearings in the
gearbox are still provided with enough lubricant so as to
provide them from being damaged.

[0017] The present invention will hereinafter be de-
scribed by means of different embodiments. It has to be
understood that these embodiments are only for the ease
of understanding the invention and are not intended to
limit the invention in any way.

[0018] Fig. 1 and Fig. 2 illustrate a lubrication system
1 for a gearbox 10 according to embodiments of the
present invention. The lubrication system 1 comprises a
lubricant reservoir 2, a mechanical pump 3 and an elec-
trical pump 4. A difference between volume capacity of
the mechanical pump 3 and the electrical pump 4 is max-
imum 40%. This means that when the sum of the volume
capacities of the mechanical pump 3 and the electrical
pump 4 is, for example, 100L, then the volume capacity
of the mechanical pump 3 may minimum be 30L and
maximum 70L and the volume capacity of the electrical
pump 4 may then respectively be maximum 70L and min-
imum 30L. Preferably, the volume capacity of the me-
chanical pump 3 and the electrical pump 4 may be equal
and may, for example, be 50L. The lubricant reservoir 2
comprises lubricant for lubricating gears G and bearings
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B in the gearbox 10. According to embodiments of the
invention, at least one of the bearings B in the gearbox
10 may be a plain bearing. According to other embodi-
ments, more than one of the bearings B in the gearbox
10 may be plain bearings and according to still further
embodiments of the invention, all bearings B in the gear-
box 10 may be plain bearings.

[0019] According to embodiments of the invention and
as illustrated in Fig. 1, the lubrication system 1 may be
located inside the gearbox 10. According to other em-
bodiments, however, and as illustrated in Fig. 2, the lu-
brication system 1 may also be located outside the gear-
box 10, or in other words may be an external lubricant
reservoir 2.

[0020] In the example given in Fig. 1 and Fig. 2, the
lubrication system 1 furthermore comprises one valve 5
for controlling the flow of the lubricant and a control sys-
tem (not shown) for controlling this valve 5.

[0021] During start-up of the wind turbine gearbox, the
electrical pump 4 feeds lubricant to the bearings B (see
Fig. 3). During this step, according to embodiments of
the invention, the mechanical pump 3 is not working.
The valve 5 is controlled in such a way that only lubricant
is provided to the bearings B. Flow of lubricant is indicated
by the bolt line in Fig. 3. According to embodiments of
the invention, controlling the valve 5 may be pressure-
driven. In that case, because only the electrical pump is
providing lubricant, the pressure is not high enough to
open the valve 5 and thus lubricant only flows to the bear-
ings B. According to other embodiments of the invention,
controlling the valve 5 may be electrically driven. In that
case, the valve 5 is controlled to stay closed such that
lubricant can only flow to the bearings B and not to the
gears G. According to still further embodiments of the
invention, controlling the valve 5 may be electrical fail
safe driven. This means that, whenever there is no elec-
tricity, the valve 5 will take the right position so as only
to allow flow of lubricant to the bearings B and not to the
gears G.

[0022] During normal operation, lubricant is provided
to both the gears G and the bearings B by both the me-
chanical pump 3 and the electrical pump 4 (see Fig. 4).
Therefore, the control system controls the valve 5 so as
to open and to allow flow of lubricant also to the gears 5.
Flow of lubricant is again illustrated by the bolt line in Fig.
4. As already mentioned above, controlling the valve 5
may be pressure-driven, electrically driven or electrical
fail safe driven.

[0023] When, during normal operation, a grid loss oc-
curs or for some other reason the electrical pump 4 fails
to work properly, it will take some time, e.g. e few sec-
onds, for the turbine and thus also the gearbox to stand
still. In this case, according to embodiments of the inven-
tion, the control system drives the valve 5 to close such
as to allow flow of lubricant from the lubricant reservoir
2 through the mechanical pump 3 to the bearings B and
not to the gears G (indicated by the bolt line in Fig. 5).
[0024] Fig. 6 and Fig. 7 illustrate another embodiment
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of the present invention. According to this embodiment,
the lubrication system 1 is similar to the one described
in the previous embodiment but now comprises a plurality
of valves 5ato 5finstead of only one valve 5 for controlling
the flow of the lubricant. Similar as for the above embod-
iment, the lubrication system 1 may be located inside the
gearbox 10 (see Fig. 6) or may be located outside the
gearbox 10 (see Fig. 7).

[0025] During start-up of the wind turbine gearbox 10,
according to embodiments of the invention, the electrical
pump 4 provides lubricant to the bearings B (see Fig. 8).
In this step, the control system controls the valves 5a to
5f such that valves 5a and 5b open to allow lubricant to
flow from the lubricant reservoir 2 towards the bearings
B through the electrical pump 4 (lubricant flow is indicated
by the bolt line in Fig. 8). According to other embodi-
ments, during start-up of the wind turbine gearbox 10,
lubricant may furthermore be provided to the gears G by
means of the mechanical pump 3. This is illustrated in
Fig. 9. In this case, the control system controls the valves
5a to 5f such that valves 5a to 5¢ and 5e are open so as
to allow lubricant flow to the bearings B and the gears G
and that valves 5d and 5f are closed.

[0026] During normal operation, lubricant is provided
to both the gears G and the bearings B. Therefore, the
control system controls the valves 5a to 5f such that these
valves 5ato 5f are all opened such that lubricant can flow
from the lubricant reservoir 2 through the mechanical
pump 3 and the electrical pump 4 to the gears G and the
bearings B. This is illustrated in Fig. 10 in which the flow
of lubricant is indicated by bolt line. As long as the wind
turbine gearbox operates in a normal way these valves
5a to 5f stay open such that at all times the gears G and
the bearings B are provided with sufficient lubricant in
order to work properly.

[0027] When, during normal operation, a grid loss oc-
curs or for some other reason the electrical pump 4 fails
to work properly, it will take some time, e.g. e few sec-
onds, for the turbine and thus also the gearbox 10 to
stand still. In this case, according to embodiments of the
invention, the control system drives the valves 5a to 5f
such that valves 5c¢ and 5d are opened to allow flow of
lubricant from the lubricant reservoir 2 through the me-
chanical pump 3 to the bearings B and that the other
valves 5a, 5b, 5e and 5f stay closed (see Fig. 11). This
is because it is very important that the bearings B, and
especially the at least one plain bearing B, are provided
with sufficient lubricant until the wind turbine and thus
also the gearbox 10 stand still or, in other words, do no
longer rotate. If this would not be the case, or in other
words, if no sufficient lubrication would be provided to
the bearings B while the gearbox 10 was still working,
this could severely damage the bearings B.

[0028] According to embodiments of the invention,
controlling the valves 5a to 5f may be electrically driven,
electrical fail safe driven or electrically and pressure-driv-
en.

[0029] Hereinafter, the case of the valves 5ato 5f being
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electrically and pressure-driven will be described in more
detail. According to these embodiments, during start-up
of the wind turbine, the electrical pump 4 is working and
allows lubricant to flow towards valve 5a. Because of
the pressure caused by the lubricant flow, the valve 5a
will open and further allow flow of the lubricant. Similar,
because of the lubricant pressure valve 5b will close and
allow lubricant to flow to the bearings B. Valve 5f is there-
by electrically controlled such that it stays closed and
substantially no lubricant flows to the gears G atthat time.
During normal operation of the gearbox 10 both the me-
chanical pump 3 and the electrical pump 4 work and allow
lubricant to flow from the lubricant reservoir 2 through
respectively valves 5a and 5c. Because of the pressure
exerted by the lubricant, these valves 5a and 5c¢ will open
and allow further flow of the lubricant. Similarly, because
of the lubricant flow, respectively valves 5b and 5f and
valves 5d and 5e will open and allow lubricant to be pro-
vided to respectively the gears G and the bearings B.
Summarized, during normal operation the lubricant pres-
sure will be high enough to make all the valves 5a to 5f
open such that the lubricant can flow towards the gears
G and the bearings B. When the electrical pump 4 stops
working, only the mechanical pump 3 will be left to provide
lubricant to components of the gearbox 10. In that case,
lubricant pressure will cause valve 5c to stay open and
to allow further flow of lubricant. Similarly, valve 5d will
also stay open to allow lubricant to be provided to the
bearings B. Valve 5e will then electrically be controlled
so as to close to not further allow lubricant flow to the
gears G. Valves 5a, 5b and 5f will close because of a too
low pressure of the lubricant.

Claims

1. A method for lubricating a gearbox of a wind turbine,
the gearbox comprising a plurality of gears and
shafts supported by bearings of which at least one
is a plain bearing, and a lubrication system with a
mechanical pump and an electrical pump for feeding
the gears and bearings with lubricant, wherein a dif-
ference between volume capacity of the mechanical
and electrical pump is maximum 40%, character-
ised in that the method comprises controlling at
least one valve for:

- during start-up of the gearbox feeding lubricant
to the bearings by means of the electrical pump,
- during normal operation of the gearbox feeding
lubricantto the bearings and the gears by means
ofthe electrical pump and the mechanical pump,
and

- during absence of electrical power supply feed-
ing lubricant only the bearings by means of the
mechanical pump.

2. A method according to claim 1, furthermore compris-
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ing, during start-up of the gearbox, feeding lubricant
to the gears by means of the mechanical pump.

A method according to any of claims 1 to 3, wherein
the method comprises controlling a plurality of 9%
valves.

A method according to any of claims 1 to 3, wherein
controlling the valves is electrically driven.

10
A method according to any of claims 1 to 3, wherein
controlling the valves is pressure-driven.
A method according to any of claims 1 to 3, wherein
controlling the valves is electrical fail safe driven. 15
A method according to claim 3, wherein controlling
the valves is partly pressure-driven and partly elec-
trically driven.
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